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Abstract
Objectives—The mechanisms underlying
recurrent stroke may be complex and
multifactorial, but they have not been
studied systematically. The aim was to
analyse the diVerent patterns and patho-
physiological mechanisms of second and
further strokes.
Methods—Recurrent stroke patterns and
mechanisms were studied in 102 patients
admitted with second or further strokes to
the stroke centre in Lausanne University
Hospital.
Results—The patients with an initial car-
dioembolic stroke experienced recurrent
stroke of the same type most often,
followed by those with initial non-lacunar
non-cardioembolic stroke, brain haemor-
rhage, and lacunar stroke (77%, 65%, 58%,
and 48% respectively). Forty two per cent
of the recurrent strokes in patients with an
initial brain haemorrhage were ischae-
mic, whereas patients with ischaemic
stroke only occasionally suVered brain
haemorrhage (5%). In patients with brain
haemorrhage, the lobar location predomi-
nated in both the first and all episodes
(69% and 78% respectively), suggesting a
small, occult arteriovenous malformation
or cerebral amyloid angiopathy rather
than hypertensive small artery disease.
The functional disability of patients after
an initial lacunar stroke was significantly
better than in patients with other stroke
subtypes (p<0.001), but the diVerence
became non-significant after recurrent
stroke (p=0.26).
Conclusions—Most of the recurrent
strokes were of the same type as the first
episode for both cardioembolic and non-
lacunar non-cardioembolic stroke, how-
ever, about half of the patients with an
initial brain haemorrhage or a lacunar
stroke experienced other types of stroke
recurrently. The findings suggest that the
coexistence of multiple aetiologies may
play a major part in determining the
mechanism of stroke recurrence. The
study is an important step in understand-
ing the patterns of stroke recurrence,
whichmay be critical for better prevention.
(J Neurol Neurosurg Psychiatry 1998;64:771–776)
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Despite many successful eVorts at stroke
prevention,1 stroke recurrence remains
common.2 Epidemiological studies have identi-
fied risk factors for recurrent stroke, such as
hypertension or raised blood sugar.2–11 It
remains unclear, however, how the manage-

ment of these risk factors can prevent stroke
recurrence,2 12 probably because the mecha-
nisms underlying recurrent stroke are complex
and multifactorial. Moreover, a precise aetio-
logical classification of recurrent stroke may be
diYcult in such epidemiological studies with
many patients (cardioembolic infarction after
lacunar stroke or brain haemorrhage after large
artery disease, etc). For example, in the Stroke
Data Bank,6 7 ischaemic strokes are subdivided
into six aetiologies: lacunar stroke, cardiac
embolism, large artery atherosclerosis, tandem
pathology, other unusual causes, and undeter-
mined cause. Although a predominance of
same type recurrence after large artery athero-
sclerosis has been reported, about half of the
patients with stroke recurrence of the same
type are in fact classified into the group with
strokes of undetermined cause. Understanding
the pathophysiological mechanisms of stroke
recurrence is mandatory for eVective second-
ary prevention. The aim of this study was to
analyse the diVerent aetiological patterns and
underlying mechanism of recurrence after an
initial stroke.

Methods
From January 1990 to November 1995 we
studied patients admitted to the stroke centre
at Lausanne University Hospital with recurrent
stroke (acute brain infarction or intracerebral
haemorrhage) after a well identified initial
stroke. Lausanne University Hospital is the
only public hospital in the Lausanne area and is
located in a city of 250 000 people. Most acute
patients in this area are referred to the stroke
centre at Lausanne University Hospital. We
excluded patients: (1) without detailed medical
records or without CT or MRI in the acute
stage of the first stroke, so that the type of
stroke could be diVerentiated; (2) with stroke
after medical procedures (carotid endarterec-
tomy, angiography, etc) or trauma; (3) with
cerebral haemorrhage which was intratumor-
ous or caused by a ruptured cerebral aneu-
rysm, or vascular malformation; and (4) with
subarachnoid haemorrhage or subdural haem-
orrhage. We also excluded patients with a
recurrence of only transient ischaemic attacks
(TIAs) because it was diYcult to determine the
aetiology of the TIA episodes from limited
information. Information about the first
strokes of patients who had not been admitted
in our service was collected from their families,
home doctors, and hospitals where they were
admitted during their first episodes. Systematic
investigations were performed following the
standard protocol of the Lausanne Stroke
Registry,13 including brain CT, carotid ultra-
sound, transcranial Doppler, 12 lead ECG,
three lead ECG monitoring (24 to 70 hours),
and standard blood and urine tests, including
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venous packed cell volume and fasting blood
cholesterol. Cerebral angiography, brain MRI,
two dimensional transthoracic and tran-
soesophageal echocardiography with or with-
out a microbubble test, and 24 hour ECG
(Holter) monitoring were performed in se-
lected patients.
Strokes were classified into three main

groups based on the definitions of the
Lausanne Stroke Registry13: (1) lacunar infarc-
tion (infarct with a lacunar syndrome (pure
motor hemiparesis, pure sensory stroke,
sensory-motor stroke, and ataxic hemiparesis)
and a normal CT or small (<15 mm), deep
infarct on CT); (2) non-lacunar infarction
(infarct with neurological findings not compat-
ible with lacunar syndrome and a normal CT
or a hypodense area>15 mm, corresponding to
the clinical picture); and (3) brain haemor-
rhage (stroke with a hyperdense area suggest-
ing primary bleeding corresponding to the
clinical picture, excluding haemorrhagic trans-
formation of ischaemic stroke). The presumed
causes of non-lacunar infarction included13: (1)
large artery atheroma with >50% stenosis of
the corresponding artery (extracranial or in-
tracranial); (2) atherosclerosis, but without
>50% stenosis of the corresponding large
artery; (3) cardiac embolic sources (mitral or
aortic valvar diseases including mitral valve
prolapse, prosthetic valves, recent myocardial
infarction, infective or non-infective endocardi-
tis, non-ischaemic dilated cardiomyopathy, left
ventricular ischaemic dyskinesia, left ventricu-
lar thrombus, atrial myxoma, atrial fibrillation,
sick sinus syndrome, and patent foramen ovale
with or without atrial septal aneurysm, with
presumed paradoxical embolism); and (4)
other causes, which were not compatible with
large artery atheroma or cardiac embolic
sources, or which remained undetermined. In
the present study, non-lacunar infarctions were
subdivided according to the presence or
absence of cardiac embolic sources. However,
infarcts occurred in the internal carotid artery
area of the occluded side, and infarcts in the
border zone suspected of a haemodynamic
mechanism because of an associated decrease
in blood pressure were classified as non-
cardioembolic infarcts. Infarct topography was
classified as: (1) anterior circulation (including
superficial and deep territories); (2) posterior
circulation; and (3) border zone according to
reported guidelines.14 Brain haemorrhage was
subdivided into two aetiological subtypes: (1)
hypertensive and (2) non-hypertensive accord-
ing to history of hypertension. We considered
two topographic forms of haemorrhage: (1)

lobar (supratentorial) and (2) non-lobar, in-
cluding the thalamus, basal ganglia, and
infratentorial. The classification was per-
formed independently by the two authors in a
non-blind fashion to the subtypes of the
patients’ other stroke episodes. If diVerent
classifications were made, we discussed these
diVerences until accordance was achieved.
The following risk factors were considered13:

(1) hypertension (blood pressure >160/90 mm
Hg at least twice before the stroke); (2)
diabetes mellitus (known fasting hyperglycae-
mia before the stroke); (3) current or former
cigarette smoking; (4) hypercholesterolaemia
(cholesterol concentration >6.5 mmol/l).
For evaluating the functional disability after

the stroke (activities of daily living, ADL),
which was evaluated at the time of discharge,
we used a five level classification; 1 for no dis-
ability, 2 for mild disability (return to all activi-
ties but with some diYculty), 3 for moderate
disability (return to most main activities but
with diYculty), 4 for severe disability (impossi-
ble to return to most activity), and 5 for
death.15 The medication at the time of
recurrence was also investigated.
Statistical comparisons among the groups

were performed using the Kruskal-Wallis test
for continuous variables, as well as the ÷2 and
Fisher’s exact tests for categorical variables.
Intergroup comparisons were performed with
Bonferonni’s method. A two tailed probability
value<0.05 was considered significant.

Results
GENERAL FEATURES

During the study period, 102 patients (77males
and 25 females, mean age (SD): 63.7 (13.2)
years) had 121 episodes of recurrent stroke (one
recurrence in 86 patients, two in 14 patients,
three in one patient, and four in one patient).
Table 1 shows the stroke subtypes. There was
no significant diVerence in age between men
and women or among cardioembolic infarction,
non-lacunar non-cardioembolic infarction, la-
cunar infarction, and brain haemorrhage. The
mean interval between the first and last stroke
tended to be longer in patients with initial lacu-
nar infarction than in other groups.

RISK FACTORS

In the patients who had experienced a
cardioembolic infarction as their first stroke,
the frequency of cardiac ischaemia was signifi-
cantly higher than in patients with an initial
lacunar or haemorrhagic stroke (p<0.05). No
patient with an initial brain haemorrhage had a
potential cardiac source of embolism, which

Table 1 General status of the patients

1st stroke NL-CE NL-NE LI BH Total

Total (n) 20 47 19 16 102
Age (mean (SD)) 68.3 (11.0) 63.0 (14.0) 60.7 (14.7) 63.6 (10.5) 63.7 (13.2)
Male (n) 15 36 13 13 77
Age (mean (SD)) 67.7 (11.6) 64.1 (10.3) 60.8 (11.4) 62.7 (10.8) 64.0 (10.8)
Female (n) 5 11 6 3 25
Age (mean (SD)) 70.0 (10.1) 59.4 (22.6) 60.7 (21.6) 67.3 (10.1) 62.8 (18.9)
Interval (mean (SD), months) 31.4 (29.5) 38.5 (30.3) 68.5 (56.7) 38.6 (49.5)

NL-CE=non-lacunar cardioembolic infarction; NL-NE=non-lacunar non-cardioembolic infarction; LI=lacunar infarction;
BH=brain haemorrhage; 1st stroke=the type of the first stroke; mean interval=the number of months between the first and the last
stroke episode.
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was a significantly lower occurrence than in the
other groups (p<0.01). Patients with an initial
lacunar infarction were significantly more likely
to have diabetes mellitus than those with non-
lacunar non-cardioembolic infarction (p<0.05,
table 2). Some patients had multiple risk
factors: 30% of the patients with initial
cardioembolic infarction, 26% of those with
initial non-lacunar non-cardioembolic infarc-
tion, 37% of those with initial lacunar infarc-
tion, and 6% of those with initial brain
haemorrhage had three or more risk factors.

RECURRENT PATTERNS

In general, recurring strokes were always more
often of the same type as the first stroke. The
patients with an initial cardioembolic infarc-
tion had the highest same type recurrence rate,
followed by those with initial non-lacunar non-
cardioembolic infarction, those with initial
brain haemorrhage, and those with initial lacu-
nar infarction (table 3). Seven (44%) of 16
patients with initial non-lacunar non-
cardioembolic infarction and five (56%) of
nine patients with initial lacunar infarction who
had a potential cardiac source of embolism
developed cardioembolic infarcts. The recur-
ring strokes of patients with an initial brain
haemorrhage included non-lacunar non-
cardioembolic infarction in 16%, lacunar
infarction in 26%, and cardioembolic infarc-
tion in none, whereas no patient with initial
cardioembolic infarction, 8% with initial non-
lacunar non-cardioembolic infarction, and 4%
with initial lacunar infarction developed brain
haemorrhage. Among the 14 patients who had
three strokes, one repeated two cardioembolic
infarcts, six repeated two non-lacunar non-
cardioembolic infarcts, five repeated two lacu-
nar infarcts, one repeated two brain haemor-
rhages, and one experienced three diVerent
types of stroke (one non-lacunar non-

cardioembolic infarct, one lacunar infarct, and
one brain haemorrhage). The two patients who
had more than three recurrences had experi-
enced a lacunar infarction as their first stroke.
One patient had four strokes which were all
lacunar infarcts, and the other with five strokes
had one non-lacunar non-cardioembolic inf-
arct and four lacunar infarcts.

CARDIOEMBOLIC INFARCTION

In the 17 recurrent episodes of cardioembolic
infarction, 10 (76%) were located in the
anterior circulation. Eight (80%) of 10 patients
with initial lesions in the anterior circulation
and five (71%) of seven patients with initial
lesions in the posterior circulation developed
recurrent episodes in the anterior circulation.
No cardioembolic infarct was located in a bor-
der zone. Two of three patients who developed
recurrent non-lacunar non-cardioembolic inf-
arcts had a border zone infarction associated
with carotid artery stenosis.

NON-LACUNAR NON-CARDIOEMBOLIC INFARCTION

In all 84 patients with non-lacunar non-
cardioembolic infarcts, the most frequent
cause was large artery atheroma, followed by
atherosclerosis without more than 50% steno-
sis, and other causes (39%, 37%, and 24%
respectively). Of the 12 patients with first
stroke due to other causes, four patients had an
embolic stroke from an undetermined source.
Three of them developed embolic strokes from
an undetermined source. The fourth patient
developed a cardioembolic infarction. Two
patients with internal carotid artery dissection
did not have dissection as the cause of
recurrent stroke: one patient had a non-lacunar
non-cardioembolic infarct in the posterior cir-
culation and the other a brain haemorrhage. Of
the remaining six patients, one had positive
anticardiolipin antibodies and one had hyper-
tension as a sole risk factor.
Overall, infarcts most often involved the

anterior circulation, followed by the posterior
circulation and the border zone (66%, 24%,
and 11% respectively). There was no signifi-
cant relation between the involved territory and
the presumed cause of the non-lacunar non-
cardioembolic infarction, except that border
zone infarcts were typically associated with
large artery stenosis or occlusion (91.7%).
Eighty nine per cent of initial episodes located
in the anterior circulation, 63% of those
located in the posterior circulation, and 50% of
those located in the boder zone resulted in
repeated recurrent episodes in the same
territory (p<0.01 for the anterior circulation
infarction, p<0.05 for the posterior circulation
and the border zones). There were too few
patients with subcortical versus superficial inf-
arction to perform a meaningful analysis.

LACUNAR INFARCTION

The first stroke was a supratentorial lacunar
infarct in 13 patients, and an infratentorial
lacunar infarct in four patients. The other two
patients showed multiple lacunar infarcts on
CT. The recurrent episodes were essentially
the same between the patients with diabetic

Table 2 Risk factors and the first stroke type

NL-CE NL-NE LI BH

n % n % n % n %

Hypertension 13 65.0 39 83.0 12 63.2 10 62.5
Diabetes mellitus 5 25.0 7* 14.9 8 42.1 3 18.6
Smoking 7 35.0 29 61.7 7 36.8 6 37.5
Hypercholesterolaemia 7 35.0 18 38.3 7 36.8 4 25.0
Cardiac ischaemia 10 50.0 12 25.5 3§ 15.8 2§ 12.5
PCS 20 100 16†‡ 34.0 9†‡ 47.4 0† 0.0

*p<0.05; lower than LI.
†p<0.0001; lower than NL-CE.
‡p<0.01; higher than BH.
§p<0.05; lower than NL-CE.
NL-CE=non-lacunar cardioembolic infarction; NL-NE=non-lacunar non-cardioembolic infarc-
tion; LI=lacunar infarction; BH=brain haemorrhage; PCS=potential cardiac source.

Table 3 Change in stroke type between first and recurrent stroke (number of episodes)

Recurrence\1st NL-CE NL-NE LI BH

NL-CE 17* 7 5 0
NL-NE 4 33* 9 3
LI 1 7 14* 5
BH 0 4 1 11*
Total 22 51 29 19

*p<0.001; recurrence of the same type of stroke more often than other types.
NL-CE=non-lacunar cardioembolic infarction; NL-NE=non-lacunar non-cardioembolic infarc-
tion; LI=lacunar infarction; BH=brain hemorrhage; 1st and recurrence=the first and recurrent
stroke type; respectively. Bold numbers indicate recurrent episodes of the same type of stroke as
the first.
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mellitus as a sole risk factor and other patients:
the eight patients with diabetes mellitus as a
sole risk factor developed three cardioembolic
infarcts, four non-lacunar non-cardioembolic
infarcts, one brain haemorrhage, and repeated
four lacunar infarcts, whereas the other 11
patients developed three cardioembolic inf-
arcts, four non-lacunar non-cardioembolic inf-
arcts, and repeated 10 lacunar infarcts.

BRAIN HAEMORRHAGE

In the patients with an initial brain haemor-
rhage, 11 (69%) had a lobar and five (31%) a
non-lobar location. Of all episodes of haemor-
rhage, 21 (77.8%) were lobar.No infratentorial
haemorrhage occurred in either the initial or
recurrent episodes. No patient with an initial
brain haemorrhage was undergoing anticoagu-
lation therapy when any brain haemorrhage
occurred. Three patients with a lobar haemor-
rhage as the first stroke had a new haemorrhage
in the same region without visible vascular
malformation. Of all episodes of haemorrhage,
52% of the lobar haemorrhages and 67% of the
non-lobar haemorrhages occurred in hyperten-
sive patients. Ten patients with a hypertensive
brain haemorrhage as the first stroke had 12
recurrent episodes, including five haemor-
rhages (42%), three non-lacunar non-
cardioembolic infarcts (25%), and four lacunar
infarcts (33%). Six patients with a non-
hypertensive brain haemorrhage as the first
stroke had seven recurrent episodes, including
six haemorrhages (86%) and one lacunar
infarct (14%).

PREVENTIVE TREATMENT

Among the 86 patients with a first ischaemic
stroke, 58 patients (67%) received antiplatelet
drugs, 12 patients (14%) received anticoagu-
lant drugs (including those given for reasons
other than stroke, such as the secondary
prevention of pulmonary embolism), five
patients (6%) had surgical treatments, and 11
patients (13%) had no special treatment for
secondary prevention after the first episode.
Only one patient developed a brain haemor-
rhage while on anticoagulation. Among the 16
patients who had at least two cardioembolic
infarcts, 13 did not receive anticoagulant drugs
at the time of recurrence. Of the two patients
who had a carotid endarterectomy after a first
non-lacunar non-cardioembolic infarction, one
had a new stroke contralateral to the endarter-
ectomy, and the other repeated a same type
stroke on the ipsilateral side, associated with
restenosis of the internal carotid artery.
Among the 16 patients with a first brain

haemorrhage, two patients (13%) received
antiplatelet drugs, one patient (6%) underwent
a surgical treatment, and 13 patients (81%)
had no treatment after the first episode.

PROGNOSIS

After the first stroke, all but one of the patients
(95%) with an initial lacunar infarction were
completely independent (level 1), whereas 65%
of the patients with an initial cardioembolic
infarction, 49% of those with an initial
non-lacunar non-cardioembolic infarction, and

69% of those with brain haemorrhage were
mildly to severely dependent (level 2–4). This
diVerence in ADL between initial lacunar
infarction and the other three subtypes was
highly significant (p<0.001). After a recurrent
stroke, however, this diVerence disappeared
(p=0.26). The ADL was not significantly
diVerent between the patients with recurrence
ipsilateral to the initial stroke and those with
contralateral recurrence.

Discussion
Although there have been several prospective
studies which have identified specific risk
factors, aetiological features, and prognostic
characteristics for recurrent strokes, the results
are heterogeneous and remain controversial.7 9 16

Identification of the underlying mechanisms for
recurrence is the key to eVective secondary pre-
vention. However, a precise aetiological
classification of recurrent episodes in a large
number of patients has not been available from
hospital or community based stroke registries,
although there are scarce smaller studies, which
primarily focused on lacunar stroke.17–23 The
present study is not an epidemiological study
evaluating the frequency and risk of stroke
recurrence, but an attempt at better analysing
the diVerent pathophysiological patterns of first
versus second and further strokes.
Our findings show that despite preventive

treatment, patients with first stroke may not
only experience a repeat of the same type of
stroke, but may also develop other kinds of
strokes. Previous hospital or community based
follow up studies did not emphasise the poten-
tial changes in recurrent stroke subtypes, and
our study provides a first attempt at analysing
the patterns of recurrent stroke and delineating
the factors associated with recurrence in each
subtype.
The present study has inevitable limitations.

Firstly, because this is not a prospective study,
it is diYcult to determine the true recurrence
rate in patients with each subtype of stroke.
Patients might neglect very mild symptoms,
which may decrease the apparent rate of recur-
rence of lacunar stroke. Fatal recurrence
episodes might not have been referred to our
service, which might be a cause of the apparent
lack of pontine haemorrhage. Secondly, the
whole group of selected patients might have
some bias because of the strict exclusion crite-
ria. A mean age of 64 years seems slightly
young compared with other community based
and hospital based studies. However, the mean
age of the first 1000 consecutive patients regis-
tered in the Lausanne Stroke Registry was 61.1
(SD 12.2) years,13 which suggests that the
patients selected for the present study may not
significantly vary from the whole group of the
Lausanne Stroke Registry, at least physically.
Another limitation is the classification of the
recurrence episodes. It is always diYcult to
know the true aetiology of a stroke in patients if
there are two or more potential causes. To
make the mechanism of stroke recurrence as
clear as possible, we tried to classify all the epi-
sodes into either of the subgroups. It may pro-
duce some bias. For example, as cardiac
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embolic sources may not disappear, it may
mask the true cause of recurrent episodes. It is
especially diYcult to discriminate non-lacunar
non-cardioembolic infarction from non-
lacunar cardioembolic infarction and it is pos-
sible that some recurrences of non-lacunar
non-cardioembolic infarction were classified as
non-lacunar cardioembolic infarcts. The oppo-
site is less likely because our criteria tend to
classify more infarcts which occurred to cases
with cardioembolic sources into cardioembolic
infarction. It is also diYcult to detect the
lesions responsible for recurrence when former
ischaemic lesions are visible on the neuroradio-
logical images. We tried to detect these earlier
lesions based on clinical symptoms.However, a
lacunar recurrence occurring in the same side
as the first lacunar episode may not be taken as
a recurrent episode, but a worsening of the
sequelae. It may make the same type recur-
rence rate of lacunar infarction lower than the
other type recurrence rate of this group.
Despite these limitations, however, we think
that the present study can provide valuable
information about recurrent mechanisms, as
there have been no other studies examining the
aetiology of the first and all recurrent episodes
in detail.
Indeed, our study emphasises particular risk

factors associated with recurrence, such as car-
diac ischaemia with cardioembolic infarction,
diabetes mellitus with lacunar infarction, and
the absence of a potential cardiac source of
embolism with brain haemorrhage. It also
underlines, as Sobel et al have reported,24 the
importance of the combination of risk factors
for stroke recurrence. The patients with
lacunar infarction had the highest number of
risk factors, whereas the patients with brain
haemorrhage had the lowest number.
There are reports suggesting that a recurrent

stroke is usually of the same type as that of the
first stroke.3 7 In the present study, this was pri-
marily true for non-lacunar non-cardioembolic
infarction in general and for cardioembolic inf-
arction in particular, but very often (38%) the
recurrent stroke was not of the same type as the
first stroke, particularly for lacunar infarction
(52%).
Some studies have reported a predominance

of non-lacunar non-cardioembolic stroke re-
currence in the same vascular territory.17 25

These studies, however, considered only the
anterior versus posterior circulation. We found
a significantly higher same territory recurrence
rate within the anterior circulation, posterior
circulation, and border zone compared with
the recurrence rate in territories other than the
one involved in the first stroke.
Half of the patients with lacunar infarction

developed non-lacunar infarction, including
cardioembolic stroke. Prospective studies have
reported that 32%-40% of the patients with
lacunar infarction may develop non-lacunar
non-cardioembolic infarction, which is higher
than the rate of subsequent lacunar infarction in
patients with a non-lacunar non-cardioembolic
infarction as the first stroke,17 18 26 as we found in
the present study. Kappelle et al26 have hypoth-
esised a common aetiology between large artery

and small artery disease, with coexisting large
artery disease in patients with symptomatic
small artery disease, or the association of a
potential cardiac source with small artery
disease in some patients, or a more positive pre-
ventive eVect of aspirin for stroke due to small
artery disease. Another possibility is that either
large vessel disease or cardiac embolism may
already play an aetiological role in some initial
strokes labelled as lacunar infarction,27 and
subsequently also in recurrent strokes. Our
findings show that in secondary prevention after
lacunar infarction, large artery disease should
also be considered, especially in patients with
multiple risk factors who may have a pathologi-
cal basis not only for small artery disease, but
also for large artery disease.
Recently, several authors have noted that

the functional recovery of patients with
lacunar infarction may be better than in
patients with a non-lacunar non-
cardioembolic infarction.17 18 28 29 In our study,
the excellent ADL of the lacunar infarction
group after the first stroke decreased markedly
after recurrence. The importance of secondary
prevention of lacunar infarction should be
emphasised based on the resulting quality of life.
As already shown in recent reports, recurrent

haemorrhage is not uncommon.30 31 We found a
high proportion of lobar locations for first and
recurrent haemorrhages but no infratentorial
haemorrhage, the second probably because of
lower incidence and higher mortality rates.32 33

Our findings emphasise the potentially different
aetiologies between first ever and recurrent
brain haemorrhage. Hypertension may be the
most predominant aetiology of first ever brain
haemorrhage. First ever brain haemorrhage
occurs predominantly in deep in the cerebral
hemispheres, with rupture of small, perforating
arteries which are the target of chronic
hypertension.34 The reported rate of lobar loca-
tion for primary brain haemorrhage is 20%-
55%, which is linked to the underlying
aetiology.13 32 33 35–37 In an earlier reported study
from our institution, the proportion of lobar
locations for first haemorrhage was 40%,13

including cases with angioma, which constitute
a subgroup with a particularly high potential for
local rebleeding. In a study of recurrent brain
haemorrhage due to hypertension,31 badly con-
trolled in most of the patients, only 8.5% of
recurrences were lobar. Our high proportion of
lobar location may indicate aetiologies other
than hypertension, such as small angioma or
cerebral amyloid angiopathy. Passero et al30 have
found that a lobar location for a first haemor-
rhage is a predictor of rebleeding, although they
did not specify if the recurrent haemorrhage
was lobar or whether or not an underlying angi-
oma was found.We also found a predominance
of recurrent haemorrhage in patients with a
non-hypertensive haemorrhage as the first
stroke. Cerebral amyloid angiopathy38 and
angiomas34 39–42 are well known aetiologies of
non-hypertensive haemorrhage, usually in a
lobar location. Three of our patients had recur-
rent lobar haemorrhage at the same site, which
might be explained by a small, hardly visible
angioma.41 42 Because lobar haemorrhage
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recurred in diVerent sites in many patients,
CAA may also play a part, although no
histological proof was available.
Our findings show that recurrence of stroke

need not be of the same type, aetiology, and
location as the first episode. Many patients in
the present study had multifactorial risk factors
and coexisting potential causes of stroke,
explaining in part why the patterns of stroke
recurrence may be so heterogeneous. An
improved understanding of the patterns of
recurrence of stroke may allow for the develop-
ment of more accurate prediction and better
prevention of recurrence in individual patients.

We thank Drs S Blecic and JP Neau for their help in selecting the
patients.
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